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ACTIVITY* 
F .. JOH:-J EHLING. D.Sc. 
With the size of the glandl> and the incidence of 
mitoses as criteria of acti\'ity. hormonal control of 
the sebaceous glands was firmly established over 
25 years ago when it was clear that the sebaceous 
glands could be stimulated hy testosterone and 
inhibited by estradiol !Ebling, 19·18, 196~) . The 
effect of progesterone was disputed. some contend-
ing that it was as potent as testosterone (Haskin et 
al.. 1953; Lorincz. 196:3). other!\ that it was insignif-
icant or, at mosl. slight (Ebling. 1961: Groot et al.. 
1965). It was agreed. howe\'er. that the response to 
testosterone depended upon the presence of the 
pituitary !Lasher et al.. 1954. 1955; Ebling, l957a) . 
Methods for measuring the production of sebum in 
rats ha,·e helped to confirm and even to extend 
these ,·iews. In one aspect. however. a new contro-
versy has arisen. namely, the role of the pituitary. 
All are agreed that hypophysectomized rats. 
whether treated with testosterone or untreated, 
produce less sebum than rats with intact pituitar-
ies. But whereas some believe that the increment 
due to testosterone is unimpaired by hypophysec-
tomy and that the lower levels of sebum production 
are due to the lack of other hormones, others 
belie\'e that one or more pituitary hormones actu-
ally facilitate the response to testosterone. 
These apparently opposing views have not been 
reconciled because their protagonists use different 
methods for assessing sebaceous secretion. There-
fore, in studies ol hormonal control. methods and 
the way the results are calculated and interpreted 
must be meticulously scrutinized. The essence of 
the debate is not which method yields the most 
elegant and least variable results, but what is the 
true interpretation of the measurements made. 
THE MEASL'REMENT Of SEBACF:OL'S Al'TI\' I'n 
M ethods of Measurement 
There are numerous ways of as~essing the activ-
ity of the sebaceous glands in rodents . For exam· 
pie. gland size and the incidence ol mitoses ha,·e 
been extensively used (Ebling. 1957b. 196:3, 1970a). 
Gland size is extremely tedious to measure and. 
since it depends on both the transit time of the 
sebaceous cells and their production, is not propor-
tional to sebaceous output. Whereas the incidence 
of mitoses is a true measure of activity in a 
holocrine structure, it is only one factor in secre-
tion, which also depends on intracellular synthesis . 
For these reasons, direct measurement of seba-
ceous secretion is desirable. 
The question is simple: How much sebum is 
produced per sebaceous gland per unit time? But 
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the solution is fraught with complications. First, 
the entire sebaceous output cannot be collected. 
Individual glands cannot be cannulated, and no 
satisfactory way of absorbing sebum and other 
lipid as it is released has been devised for a hairy 
allimal as it has for the human forehead. Measura-
ble increments take days rather than hours to be 
manufactured and rats constantly groom them -
selves and rub grease aga inst environmental sur-
faces . Thus the rate of accumulation, or indeed of 
loss, of surface lipid and the plateau value depend 
on the balance between production by the seba-
ceous glands and loss to the envi ronment. Experi-
mental animals must be matched with contempo-
raneous controls of the same age and kept under 
identical conditions. 
The second complication is thai both the super-
ficial epidermis and the sebaceous glands contrib-
ute lipids to the skin surface. Despite various 
opinions there is no certainty that lipid removed in 
various ways is wholly or even mainly of sebaceous 
origin. 
Our male rats. whether immature or mature, 
ha\'e a plateau level of about 17 18 mg of ether-
ex tractable fat per gm of hair. adult male rats 
castrated before puberty about 6- 7 mg (see below), 
immature females about 16 mg. and mature fe-
males about 12 mg (Ebling and Skinner, 1967). 
Thorough washing with warm water and sodium 
Iaury) sulphate reduces the fat level for individual 
rats. In practice these base lines are not quite 
constant, their means ranging from .J to 5 mg in 
untreated castrated or hypophysectomized- cas-
trated male rats to a little over 6 mg in rats treated 
with testosterone. 
Our method of assessing sebum production is to 
wash rats and then, over a period of t ime, to 
measure the change in fat levels in clipped samples 
of hair !Ebling. 1967; Ebling and Skinner. 1967). A 
period of 8 days between measurements gives 
more consistent results than 4 days; for com-
parative purposes. it is immaterial whether the 
build-up of fat is linear during this entire period.ln 
all experiments. treatment is begun 16 days before 
washing and the initial hair fat determination, so 
that the fat increment measured is that which 
accrues between 16 and 24 days. The procedure is 
as follows. 
Fifteen days after the start of treatment, each 
rat is shampooed with sodium Iaury! sulphate and 
warm water and dried with a hair dryer. A second 
washing is carried out the next day (day 16) and 
immediately after drying, hair ( l -2 gm) is clipped 
from the left flank of the rat and weighed . The hair 
is successively extracted with 5 x 50 ml portions of 
diethyl ether. The extracts from each sample are 
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combined in tared aluminum foil cups. evaporated 
to dryness on a hot plate, and weighed. Eight days 
later (day 24). a sample of hair is clipped from the 
right flank of each rat and treated in the same 
fashion. Thus, the increase in hair fat in mg/gm 
hair/day can be calculated for the period between 
16 and 24 days after the start uf treatment. 
:'\ew hairs grow and old ones a re shed only in 
fairly narrow' bands which spread slowly o,·er the 
flanks. We can assume that the hair does not a lter 
greatly during the 8-day period and. thus. the 
number and weight of clipped hairs are direct)~ 
proportional to the number of follicles, and the 
build-up of lipid per unit weight of hair should be a 
proportional measure of the mean output of the 
sebaceous glands. That the lipid which flows down 
and coats the hair is more likely than total surface 
fat to represent . ebaceous as distinct from epider-
mal ouLput is possible. but the assumption re-
mains unpro,•en unless a qualitative difference 
between the materials can be established. 
Our method can be performed without anes-
thesia. and only modest quantities of solvent are 
required. In small groups of 6- 10 gonadectomized 
rats. we have demonstrated clear-cut and statisti-
cally significant changes in sebum production after 
treatment with various steroid hormones (see be-
low). However. the change::. in hair fat levels 
amount to no more than a few milligrams, and 
admittedly the method gives ,·ariable results for 
very low rates of senetion. as are seen in hypo-
physectomizPd rAts 
1t has been claimed that procedures in which the 
whole animal is dipped in lipid solvents are supe-
rior (Archibald and ohuster. 1967. 1969. 1970). By 
two succesl>ive immersions of rats in :300 ml of 
equal parts of diethyl ether and ethanol, 90 percent 
of the lipid is removed. By repeating such immer-
sion at various intervals. Archibald and Shuster 
found that in intact male rats the daily increase in 
surface lipid ( 1:3 mg/ 100 gm body weight) remained 
linear fur ..J days and ::.ubse4uent ly declined. The 
method will not be elaborated here. Both the 
clipped hair method and the immersion method 
involve an initial reduction in the level of lipid. the 
first by washing the rat in water and detergent and 
the second by dipping it in solvent. But whereas 
the clipped hair method measures both the initial 
and final hair lipid levels, the immersion method 
measures only the total lipid that can be re-
moved after a given period. 
The question of which method is superior is not 
one solely of convenience versu!:> accuracy, for the 
unsolved problem of what is being measured is 
paramount. Are the two methods measuring lipid 
from similar sources'? One puzzling feature is the 
practice of both Archibald and Shuster (1967. 
1969. 1970) and Nikkari and Valavaara (1969. 
1970a) of correcting the total amount of removable 
lipid for body weight. Since the number of seba-
ceous glands remains constant regardless of body 
size, the total removable lipid ought to be a 
proportional measure of mean sebaceous secretion. 
The justification for correcting for body weight. 
namely, that in normal rats surface lipid and body 
weight show a linear correlation. appears to favor 
the view that the lipid is of epidermal origin, since 
the epidermil> obviously increases in area with size. 
whereas the !:>ebaceous glands do not increase in 
number. Moreover. the argument used by Ar-
chihald and Shuster ( 1970} that. since the replace-
ment time of the rat epidermis is 19 days, lipid 
replacement in I to 4 days could not take place 
from the epidermis. is dif!icult to follow. If there is 
any substantial epidermal contribution to surface 
lipid. it is obviously continuous; release of lipid 
from each maturing keratinized cell does not 
require complete turnover of the epider,mis. 
Compari.~on of Methods 
To throw light on the apparent discrepancies 
between the results oflhe two methods. we made a 
direct comparison. Six litters of four prepuberally 
castrated adult mole rats. were used. Each of the 
four experimental groups contained one rat from 
each litter. and lipid production was measured 
either by clipping the hair. by immersion. or by a 
combination of the two. The exact procedures will 
be described as the results are presented. 
The first group was successively dipped in two 
quantities of solvent (the Archibald- Shusler 
method l. The hair from the lett side of each rat was 
then clipped and extracted with ether; 4 days later. 
hAir on the right side was clipped and extracted 
with ether. A mean of 86.0 mg of lipid was removed 
by the initial immersions and a further 6.4 mg were 
extractable from the hair clipped from about halt 
the body: thi~ was equivalent to about 13 mg for 
the whole, and the total was about 99 mg. 
The second group had all the hair clipped and 
successively extracted with ether. The shaved rat!' 
were then doubl~ immersed in soh-ent. A mean of 
24.:3 mg lipid was obtained from the hair and 9:U 
mg by subseljuent immersion. making about 11H 
mg in all. 
The amount of lipid actually removed by total 
immersion from the hair as distinct from the 
epidermal surface can he calculated as the amount 
extracted from clipped hair before immersion 
minu::. the amount extractable after immersion. 
namely. 24.:1 mg minus :2 ' 6.4 or about 11.5 mg 
(l:l'' of the total of 86 mg). More lipid is removed 
from hair and body together when the hair i!:> 
c lipped before rather than after immersion. 
The l hird group of rats was successively dipped 
in two portions of solvent (Archibald and Shuster. 
1970). and the operation wa~ repeated -l days later. 
Alter the second operation. the hair was clipped 
from the whole body and successively extracted 
with 5 portions of diethyl ether. 81.7 mg of lipid 
were removed by the initial immersion, a figure not 
significantly diflerent from that obtained in Group 
1. Four days later. 71.1 mg or the equivalent of a 
build-up of about 18 mg per day were removed-an 
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indication that on the basis of a linear increase. the 
initial plateau level would he approached within 
5-6 days. 
The fourth ~roup of rats was washed in warm 
~water and sodium Iaury! sulphate (Ebling and 
Skinner. 1967). and hair from the left side wa;. 
clipped a nd extracted with et her immediately after 
the animals had been dried. Hair from the right 
side was clipped and similarly extracted 4 day:,; 
later. 
After washing. :3.72 mg per gm hair of ether-
, extractable lipid remained . This amount was not 
significantly different from that remaining after 
the immer:,ion ot the whole rut in solvent. Four 
days later the amount was 4.82 mg per gm hair. 
which was equivalent to an increase of 0.28 ± CUO 
per gm hair per day. not significantly different 
from that typical for cast rated rats in our experi-
• ments. To reach the mean plateau level of 6.4 mg 
per gm hair apparent ly takes about 10 days from 
washing. The daily increa>.e alter total immersion 
was somewhat less. though not significantly so. 
and implied an even longer time to reach the 
plateau. 
ln summary. the measurements of lipid removed 
, by immersion are undoubtedly more consistent 
than those of lipid extracted from hair. But do they 
correctly re11ect sebaceous as distinct from epider-
mal activity? The figures cannot prove anyt hing 
about the origin of the lipid measured by the two 
methods, but in two features they l>uggest different 
sources. First, only about 1:1 percent of the lipid 
removed by total immersion is actually found in 
the hair ; presumably the rest is removed from 
follicular orifices and the epidermal surface. Sec-
ond. the amount of lipid removed by total immer-
sion appears to build up to its plateau more rapidly 
than does extractable hair fat after washi_ng or 
immersion. 
Finally. the question of which method ~i\'e:, the 
most consistent results should not be confused 
with the truth of the experimental conclusions 
' obtained. Statistically established f"indings by the 
hair-fat method are not rendered invalid by the 
demonstration that other methods give numeri -
cal ly better results. Moreover, if the ex perimental 
results of total immersion techniques appear to be 
at variance with those based on measurements of 
gland size. which established that the pituitary is 
necessary for the full response to testosterone, and 
H. on the other hand, hair-fat measurements con-
firm the previous conclusion. then the onul' ought 
to rest on the ··baptists·· to sh1JW that they reall~ 
are measuring sebaceous secretion. 
CONTROL BY STEROID HORMONES 
Testo.~terone and Progesterone 
Sebaceous secretion is controlled by steroid 
hormones. Basically. sebum production is stimu-
lated by testosterone or other androgens. though 
not by progesterone (Ebling e t al.. 1969b). and 
inhibited either by estro~ens or by antiandrogenic 
steroids that lack estrogenic activity. For example. 
cast rated male rats treated for :2-1 day;. with im-
plants of testosterone that gave an uptake of 0.2 
mg/day showed an increase in sebum acti\'ity, hy 
hair -fat measurements. of abou t :2 .• ? times (Fig. 1); 
even grea ter effects were shown in spayed females 
(Fig. 2l. Such effects confirm earlier finding~ about 
the effect of testosterone on t he size of sebaceous 
glands (Ebling. 1948. 196:!). The colchicine tech-
nique (Ebling. 1954 . l957a.hl clearly shnws that 
one of the factors in gland ular response to andro-
gens is an increase in mitoses. Moreo\'er. the 
composition or the sebum is a ltered; under !->timu-
lation by testosterone. the ratios of palmitate:stea -
rate and oleate:st earatc are increased (Wilde and 
Ebling. 1969) and appear to \'ary in proportion to 
the rate ol sebum production: they have. therefore. 
been proposed as measure;. of glandular activity 
(Nikkari and Valavaara. 1970b). 
Estradio l and Antiandro!!entc Steroid.\ 
How estrogen;, reduce secretion ha;, been a 
contruvc rsial matter. It has. for example. been 
proposed that they act by suppressing the secretion 
of endogenou:-. androgens. II' this were true. estro-
gens ought to. but apparently do not. produre a 
significant reduction in mitotic acti,·ity in the 
sebaceous glands. Moreover. on the one hand. 
under simultaneous stim ulatiOn hy exogenou;, tes-
tosterone. estrogens ha,·e a decidedly marked 
effect in reducing secretion in glands and, on the 
other, are also effective in ad renalectomized fe-
male rats which presumably lack endogenous 
androgenic hormones (Ebli ng. 1970a). Presumably, 
therefore, unlike androgens, estrogens do not act 
on mitosis but in some way inhibit the intracellular 
synthesis of sebum. In contrast. antiandrogenic 
steroids not only reduce sebum production in tes-
tosterone-treated rats but also inhibit mitosis (Fig. 
1). The effects have been clearly shown with 17a-
methyl-B-nortestosterone (Ebling, 1967) .1 1-
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implant ) on secretion ol !-.Pbum (left-hand c·nlumnsJ in 
spayed female rats t reated with testosterone (0.2 mg/24 
hr from 1mplanf ). Ten rut~ in each woup were treated for 
24 dnys, changes in the hair fat being measured between 
davs 16 and 24. The vertical lines indicate 1 S.E.M. 
CDino frnm Ebling. 196il 
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cblormadinone acetate (Ebling, 1970b). and cypro-
terone acetate (Ebling, 1970a, 1973). The differ-
ence between the actions of the two types of 
steroid is best appreciated if sebum production 
and the incidence of mitoses in rats treated with 
testosterone plus estradiol or anliandrogen are 
expressed as percentages of the values for tes-
tosterone a lone. Thus, for example (Table). 2 mg/ 
24 hr of 17a-methyl-B-nortestosterone reduced 
sebum production to 50 percent and the incidence 
of mitoses to 61 percent. and 10 mg/24 hr caused 
reductions to 33 and 41 percent. respectively. 
Estradiol in doses 1,000 times lower reduced 
sebum production to 14-19 percent without sig-
nificantly affecting mitoses. The difference can he 
expressed by lhe ratio (sebum/mitoses) between 
the two percentages; for the antiandrogen it is 
about 0.80 (irrespective of dose). for estradiol 
0.15. 
With these points in mind. the effects of a 
6-cydopropyl substituent of 17a-methyl-B-nortes-
tosterone (6n.6.d-ethylene li£t-methyl 8 -nortes -
tosteroneJ. shown to have signilicant estrogenil· 
activity. were also investigated (Saunders and 
Ebling. 1969) . The compound proved as effecth·e 
as, or slightly more effective than. the parent 
compound. but it appeared to act entirely by its 
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F1c. 2: Effects of cyproterone acetate (2.0 mg/24 hr) 
and of estradiol on sebum secretion (lowest diagram, left-
hand columns), mitosis in the sebaceous glands (right-
hand columns), weight of preputial glands and weight of 
seminal vesicles in castrated male rats treated with 
testosterone. Means ± S.E.M. are for groups of 6 rats. 
Other details as for Figure I. !Data from Ebling, 197:1) 
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antiandrogenicity as distim·t from its estrogenirit v 
(Table!. 
If estrogens and ant iandrogeniC' ster01ds act in 
different ways to suppre~s ~ebaceous secretion. it 
should be possible to show t hal I hey produce not 
only distinguishable effects when given separately 
but additi\·e effects when given together. The 
results of' an experiment that used castrated male 
rats to test the hypothesis in respect to estradiol 
and cyproterone acetate are shown in Figure 2. 
Testosterone significantly increased both sebum 
production and the incidence of mitoses, and 
estradiol. with or without testosterone, signifi-
cantly reduced sebum production without chang -
ing the incidence of mitose,., or the weight of the 
preputial glands. Cyproterone acetate signilicantly 
reduced !;ebum production in testosterone-treated 
rats and simultaneously considerably lowered the 
incidence of mitoses and the weight of the prepu-
tial glands. Finally, when estradiol and cyproter-
one acetate were given together to testosterone-
treated rats. their effect on sebum productiOn was 
greater than when they were given separately. 
Thus, whereas antiandrogenic steroids block the 
androgens at their points ol action on the !'leba-
ceous glands, estrogens reduce sebaceous secret ion 
in some other way. This hypothesis has been tested 
directly by a study of the ellects of the steroids on 
the uptake ol labeled testosterone by rat tissues. t 
After a single subcutaneous injection in arachis oil 
of testosterone-!. 2-' H into castrated mature male 
t Walkins DlL (1972). The uptake and metabolism of 
testosterone by «kin and preputial ~lands of the rat. and 
the intluence of anti-androgenic ~teroids. Ph.D. Thesis, 
Department of Zoology, University of Sheffield. EnJ!land. 
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F'IG. 3: Uptake and retention of radioactivity (disin-
tegratiom;/ min/ mg wet weight) of skin wi1h hair lollides 
in telogen after the inject ion of :JO 11C i testosterone-
!. 2- •H into castrated male rats. Groups were also treated 
with estradiol or 17a-methyi-B-nortestosteronet. see 
legend to Figure L. 
rats, the material was select ively taken up by skin 
(Fill'$. :3. 4) as well as by preputial g"lands. seminal 
vesicles. and ventral prostate. Radioactivity in the 
tissues reached a peak by L hr after injection and 
was almost eliminated from the tissues by 8 hr. 
When a s ingle dose of 10 llg estradiol benzoate was 
given at the sa me time as ao llCi of testoster-
ooe-1. 2-'H and 0.1 rng of unlabelled testos terone . 
the estrogen did not affect the uptake of radioac-
tivity in skin or any of the other tissues (Figs. 3, 4). 
A single dose uf 2 mg of 17 C\-met hyi-B-nortestos ter -
one significantly reduced the uptake of tes toster-
one. 
TilE ROLE OF TilE f'tTLIITAH\ 
Possible Route.~· of Control 
The role of the pituitary in sebaceous secretion is 
neither simple to analyze nor generally agreed 
upon. However. two facts are undisputed. first, 
untreated hypophysectomized castrated rat:; pro-
duce less sebum than castrated one!> Wi(!. 5). 
Second. when treated with any particular dose ot 
tes rosterone, hypophysectomized-castrated ra ts 
do not produce sebum a t the same rate as cast rated 
rats with intact pituitaries. The interpretation of 
these findings is a matter ol argument. Thody and 
Shuster (1970. l971a) believe that the incre ment in 
secretion provoked by testosterone is similar in 
both castrated and hypophysectomized -castrated 
rats, the failure to reach maximum secretion after 
hypophysectomy being due to the subtractive ef-
fect of lhe lack of other hormones . I do not deny a 
role to hormonal factors other than androgens. but 
I think also that the response of sebaceous glands 
to androgens is itself mediated by une or more 
pituitary hormone~. 
To understand the nature of the argument. the 
dil'feren1 routes by which pituit ary hormones affect 
sebaceous secretion must be clearly defined. The 
pituitary hormone may act ei ther directly or in-
directly through another endocrine organ. Por 
example. gonadotrophic hormones could act by 
stimulating the gonads to produce steroids. ACTH 
could act similarly thmugh the adrenal cortex. and 
TSH could act by causing the thyroid gland to 
..produce thyroxine. Whe t her the action b direct llr 
indirect, the hormone ma_y ha ve either an inde-
pendent action or no independent effect but only a 
permis;. ive or facilitating effe<:t on the act ion of 
another hormone. The description ··sebot ropic" 
was originally applied to :<uch a permissiv~ action 
and s hould not therefore be used in any othe r strict 
sense. Fina lly. an.v of the~e effects can be produced 
specifica lly in sebaceous ~lands or elsewhere. or 
result from a general metabolic in11uence. How-
ever. thts aspect of the problem does not greatly 
concern us here. since our information is not 
sufficient to throw any light on it. 
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riG . ..t: Hadioa<:t ivitv in skin and other l isRUe!; 1.0 hr 
after inject ion of te~tos-terone-1, 2- ~H into castrated male 
rats, 6 in each groupt. For detai ls see legends to Figures 
1 and 3. 
. 
:;: < .,. 
... 
v ~ 
.... 
= g ~ J~ ;; .., 
t 
.!!! 1 0 
.. 
"'0 1 ... :. ~ ~ ] ] ;:; e a e - ...., Q .. .!! 'e £ ... ~ !: t:: ~ ... u ... u 3 1: - = ~ 8 ;; ~ . ~ ~j ~ ~ .c ~i-
= 
05 
- 0. I a 1 ~ ... I ~ 0 * u! \!: ~ .. t: L!J ~ .: l!J 0 
F'1c. 5: Left-hand group: effect of hypophy,ccwmy on 
sebum ~ecretion in castrated rats. The data (from Ebltng 
el al.. 1969a). show means ± S.E.M. for 12 litter- mate 
pair~. Center group: etJect of te,tosterone on sebum 
secretion in ca~trated rats (1\2 liller-male pairs). Right-
hand group: efl'ecl of leswsterone nn sebum secretion in 
hypophysectomized- castrated rats (-1-4 litt er- ma le pairs) . 
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We have not as yet established that any pitui-
tary hormone acts directly and independently on 
sebaceous secretion or that any hormones secreted 
by other endocrine organs under pituitary control 
act permissively. But we conclude from evidence 
that some pituitary hormones act indirectlv and 
independently, and others act directly but p~rmis ­
si,•ely. 
Hormone.\ Acting Indirectly and Independent(\ 
ACTH increases sebum secretion in hypophysec-
tomized castrated rats (Ebling et al. . l970a; 
Thody and Shuster. 1971 b) and the incidence of 
mitoses in the sebaceous glands (Fig. 6J. Since 
adrenalectomy reduces sebum secretion in both 
intact and castrated rats (Ebling. 1970a; Thody 
and Shuster, 197lb). and ACTH does not then 
increase it (Thody and huster. 197lbl. ACTH 
doubtless acts through the adrenals. 
There is lit tie doubt that TSH also increases 
sebum secretion in hypophysectomized- castrated 
rats !Fig. 7) and significantly increases mitosis in 
the sebaceous glands. These effects are not due to 
changes in endogenouf> androgens. since neither 
the preputial glands nor the seminal vesicles show 
any response. Therefore. the action is almost 
certain!} through the thyroid gland. Certainly, 
thyroxine increases the sebum production of cas-
trated rats treated with testosterone (Fig. 8) , 
though the results were anomalous in that thyrox-
ine appeared to decrease rather than increas~ the 
incidence of mitoses, an indication that it acted 
entirely on intracellular ~ynthesis and not (like 
TSHl to increase cell division (Ebling et al., 
1970b) . 
TSH also increases sebum production in hypo-
physectomized- castrated rats treated with testos-
terone (Ebling et a!., 1970bJ either as an additive 
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F IG. 6: Effects of testosterone and adrenocortico-
trophic hormone (ACTH) on sebum secretion (lowest 
diagram, left-hand columns), mito~is in the ::.ebaceous 
glands (right-hand columns), weight of preputial glands 
and weight of seminal vesicles in hypophysectomized-
castrated rats. Comparisons between t:{, 10, 17. 20, and 
14 pairs of litter-mates respectivelv. The vertical lines 
indicate the S.E.M. (From Ebling et al., 1970a) 
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FIG. 7: Effects of thyrotrophic hormone (Ferring AH, 
batch no. 5671 of activity 0.75 i.u./ mg: in 0.2 ml of 0.9'~ 
NaCl solution was inje.:ted s.c. twice daily) on sebum 
secretion (lowest diagram, left-hand columns). and 
weights of preputial glands, seminal vesicles and thvroid 
in hypophysectomized- castrated rats. Means " s:E.M: 
are for 1~ matched litter-mate pairs. 
effect of thyroxine or a facilitative effect of the 
pituitary peptide. On the grounds that long-term 
administration of propylthiouracil, which reduces 
the secretion of thyroxine but might be expected to 
increase TSH production, seems to increase rather 
than decrease the response of castrated rats to 
tebtosterone (Ebling et al. , 1970b), 1 originally 
favored the view that TSH acts as a permissive ' 
factor. On the basis of evidence that TSH affects 
sebum production in the absence of testosterone 
and that testosterone by itselfproducessome effect 
in the hypophysectomized- castrated rat, the re-
sults could be due entirely to the additive effects of 
thyroxine and testosterone. This does not , of 
course, eliminate the possibility that TSH also 
exerts a permissive effect. 
Response to Testosterone after Hypophysectomy 
The theory that the pituitary acts in a permis-
sive or facilitative capacity to restore or increase 
the response of the sebaceou~ glands to testoster-
one or other steroids springs from the demonstra -
tion that such responses are eliminated or im-
paired in the hypophysectomized animal. This fact 
appeared to be well established at the time when 
the size of the sebaceous gland was used as a 
measure of hormonal effect (Lasher et al., 1954, 
1955; Ebling, 1957a, b). I believe it is confirmed by 
measurements of sebum production; however. it 
has been challenged. Although all agree that 
sebum secretion, measured by immersion as well 
as by hair-fat extraction, under treatment with 
testosterone, is less in hypophysectomized- cas-
trated than in castrated rats, it has been proposed 
that the increment due to the androgen is unim-
paired and that the loss is due to the subtractive 
effect of the lack of other hormones. However, this 
hypothesis is not borne out in our results. 
The effect of testosterone in castrated rats has 
been assessed in four separate experiments, each 
involving a number of litter-mate pairs. The mean 
increases in hair fat for the untreated rats ranged 
from 0.41- 0.48 mg/gm hair/24 hr and for the 
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treated rats ( implants giving an uptake of 0.2 
mg/24 hr) 0.86- 1.05 mg/gm ha ir/24 hr. For the 
total of 52 litter-mate pairs. the mean increase in 
the untreate.d rats was 0.4fi8 ± 0.032 and in the 
treated rats 0.899 "' 0.045 mg/gm hair/24 hr. The 
mean increment. i.e .. the difference due to treat-
ment. was 0.507 mg/gm hair/24 hr. These differ-
ences are highly s ignifica nt (p ~ 0.001). 
The effect of - testosterone in hypophysec-
tomized- castrated rats has also been investigated 
on four separate occasions. in one of which two 
levels of dose were used . The mean increases in the 
untreated rats ranged from 0.02- 0.21 mg/gm 
hair/24 hr and in the treated rats from 0.11-0.:39 
mg/gm hair/24 hr: in no experiments were the 
increments (with means ranging from 0.05- 0. 18) 
statistically s ignificant. Moreover, the difference 
between the mean increases in the treated and 
untreated rats for the whole 44 litter-mate pairs 
s till fall s short of signil"icance. The resu lt is. 
however, statistically improved if the litter varia-
tion is removed by calculating the increment for 
each pair of rats. This gives a mean incre menL of 
0.1 LO ± 0.038 per 24 hr which is significantly 
different from zero at the 0.01 probability level. 
It appears, therefore, that sebum production in 
hypophysectomized- castrated rats can be s timu-
lated by testosterone. but that the mean response 
to a dose of 0.2 mg/24 hr is only 22 percent of that 
when the pituitary is present. Moreover, the abso-
lute production of sebum in hypophysectomized-
castrated rats treated with testosterone still re-
mains s ignificantly less than that of untreated 
castrated rats (Fig. 5). In addition, the possibility 
that the extremely small statistical increase is the 
result of incomplete hypophysec tomy of a few rats 
cannot. be ca tegorically ruled out. 
From another viewpoint, the low level or re-
sponse could be the consequence of the method 
used to measure it. An analysis of the initial levels 
of fat in the newly washed h~ir, for example, reveals 
that it was s lightly but sign ificantly higher in the 
treated than in the untreated rats. This higher 
base line could be the cause of a lower rate of 
accumulation. However. this is extremely unlikely 
since the build -up in the treated castrated rats. 
also with a s ignificantly higher initial level, is 
comparative ly massive. 
To add to the controversy. the effects or tes toS· 
terone propionate have also been invest igat ed. By 
subcutaneous injection in oil. a somewhat larger 
dose can be administered than is feasible with 
tes tosterone implants. The disadvantage is that oil 
by itself appears to raise the hair -fat measurement ; 
thus oil-treated as well as untreated controls must 
be used. Even 2 mg per day of testosterone 
propionate failed to affect sebum production (Fig. 
9) though it increased sebaceous mitoses and the 
weights of the preputial glands and the seminal 
vesicles. 
Final support for the opinion that the hair-fat 
extract ion method gives a t rue picture of sebum 
production and that hypophysectomy greatly re-
du ces the response to testosterone comes from two 
other pieces of evidence. First, certain pituitary 
preparations have restored the leve l of sebum 
secretion to that of treated castrated rats. Second . 
in modest ex perimental groups of hypophysec-
tomized-castrated rats. significant effects can be 
demonstrated with some androgens other than 
testosterone. 
Pituitary Horm ones Actin~ Directly but 
Permissi uely 
A permissive effect has been demonstrated by a 
preparation or somatotrophin and by prolactin . 
:-./either by itself had any significant effect on 
sebum production in hypophysectomized.-cas -
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N-NaOH. daily) on sebum secretion (left-hand columns) 
and mit o~ is in the sebaceous glands (right -hand columns) 
in castrated and hypophysectomized-castrated rats 
treated with testosterone. Comparisons between 11, l l, 9. 
and 13 pairs or litter-mates. respecti vely. T he vertical 
lines indicate the S. E.M. (From Ebling et at.. 1970b) 
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Ftc. 9: Effects of testosterone propionate (injected s.c. 
once daily in arachis oil) on sehum secretion (lower 
diagram. left-hand columns) , mitosis in the sebaceous 
glands (right-hand columns). weight or preputial glands 
(upper diagram, left-hand columns) and weight of semi-
nal vesicles (right-hand columns) in hypophysectomized-
castrated rats. Means ± S.E.M. are for groups of 8 
matched litter-mates. 
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trated rats; both fully restored the res ponse of the 
sebaceous glands to testosterone. For example, 
growth hormone -t testosterone (Fig. 10) gave a 
mean level of 0.85 ± 0.06 compared with 0.20 ±. 
0.07 with growth hormone alone. an increment of 
0.65 mg/gm hair/24 hr .• either hormone appeared 
to be andrenocorticotrophic nor thyrotrophic since 
they were without independent effect. These prep-
arations were, therefore. "sebotropic" in a strict 
sense. 
TilE RESPO:-ISES OF liYPOPHYSEC1'01\117.ED- CASTRATED 
RATS TO Dlt'FERENT A:-IDROC:ENS 
The evidence so far indicates that the sebaceous 
glands in hypophysectomized- castrated rats do 
not fully respond to testosterone or to testosterone 
propionate. On the other band, ACTH by itsell 
increases sebum production by way of an effect on 
the adrenals. Is it possible, therefore. that the 
sebaceous glands respond to androgens other than 
testosterone even without the pituitary factor'? 
ln an experiment on castrated rats with intact 
pituitaries. the effect of 0.2 mg/day of 5a-dihy-
drotestosterone on sebum production and on seba-
ceous mitoses was equivalent to that of testoster-
one (Fig. 11). Androstenedione had significant 
effects only in a dose of 2.0 mg per day; and 
although androsterone in the larger dose appeared 
to increase mitoses. it did not significantly affect 
sebum production. 
In hy pophysectomized- castrated rats. both 5a-
dihydrotestosterone and androstenedione pro-
duced significant increases in sebum production . 
notwithstanding the failure of testosterone to do so 
in litter-mates (Fig. 12). On the other hand. 
significant increases in sebum production could 
not be shown with dehydroepiandrosterone or an-
drosterone. even in doses of 2.0 mg per day (Fig. 
13); however. the incidence of mitoses was raised . 
In summary, two conclusions can be drawn. First , 
the sebaceous glands of hypophysectomized rats 
responded by significantly increased sebum pro-
duction to both 5a-dihydrotestosterone and an-
drostenedione, but their reaction to testosterone 
was insignificant. Second, sebum production and 
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Ftc. 11: Effects of testosterone. 5a-dihyd rotestoster-
one, andro~>tenedione. and androsterone on sebum secre-
1 tion (lowest diagram. left· hand columns). mitosis in the 
sebaceous gla nds (right-hand columns). weight ol prepu-
tial gland!> and weight of ~eminal vesicles in castrated 
rats. There were 10 rats in each !('roup except the last (2.0 
mg androsterone) which conta ined 3. The vert ical lines 
indicate .±. S.E.M. !From Eblin(! et al.. 19711 
mitosis were not parallel ; all the androgenic ste-
roids so far mentioned, including testo!iterone. 
produced significant increases in sebaceous mitoses 
even in the absence of the pituitary . 
Ln responding to testosterone. androgen-sensi-
tive target organs such as the preputial glands and 
seminal vesicles convert it to both androstenedione 
and 5a-dihydrotestosterone. Ra t skin can do the 
same (Rampini et a t. . 197l:t). Both metabolites 
can ultimately be converted to 5a-androstanedione 
and androsterone (Fig. 14). In addition, as Robel et 1 
al. (1972) demonstrated in prostate organ culture. 
5a-dihydrotestosterone may be converted to 3{3, 
17/3- and aa, 17{3-diol. T o elucidate the possible 
point or points of ac tion of any permissive factor of 
the pituitary, it is important to discover whether 
5a-androstanedione or the androstanediols affect 
sebum production in hypophysectomized rats . 
5a-androslanedione did not cause a significant 
increase in sebum production, even in the larger 
dose (Fig. 15) which clearly affected the preputial 
glands and raised the incidence of sebaceous mi-
toses. On the other hand , 5a-androstane-:3#, 17#-
diol, even in the lower dose, produced a significant 
increase in sebaceous secretion. 
Since it i!i not surprising to find that the :3rJ, 17/3-
diol is effective, the question of whether its activity 
involves conversion to 5cr-dihydrotestosterone or 
vice versa will not be pursued. What is, howc\'er. of 
considerable interest is the failure of androstanedi-
one. That neither this compound nor testosterone 
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is significantly active compared with androstenedi-
one or 5a-dihydrotestosterone su~~ests that the 
latter substan ces cannot be inlerconverted in hy-
pophysectomized rats. The logical conclusion is 
that androstenedione and 5a-dihydrotestosterone 
(and possibly 5a-androstane-:1{1, Li{j-dioll are ac-
tive at the tissue site. 
C'ONCLUSIOKS 
Hormonal control of the sebaceous glands in ra ts 
appears to be exercised on at least two levels. those 
of cell division and intracellular synthesis. Sebum 
producti<>n is increased by androgens, which prob-
ably act at both le\·els. and can be decreased by 
antiandrogens acting at t he same points as andro-
gens or by estrogen~ acting only on intracellular 
synthesis but not mitosis. Sebum production is 
a lso increased by thyroid hormone regardless of 
whether androgen is a lso present. 
Pi tuitary hormones also influence sebaceous 
secretion. It is im portant to dis tinguish between 
direct actions and indirect actions as they have 
been established for ACTH and TSH by st imula-
tion of other endocrine organs. Moreover. t he 
action of a hormone can be either independent. in 
the sense that it acts by itself, or permissive, in the 
sense that it lacks independent action but facili-
tates the response of the glands to another hor-
mone. Our evidence suggests that the action of 
androgens is intluenced in such a way by one or 
more pituitary hormones. 
With the extractable ha ir lipid method for mea-
suring sebum production, the response of hypophy-
sectomized- castrated rats to testosterone can 
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F'rc; . 12: Effects of testo~terone. 5<v-dihydrotesto~ter­
one. and androstenedione on sebum secretion (lowest 
diagram. left-hand columns). mitosis in t he sebaceoub 
glands (ril(ht-hand columns!, weight of preput ial glands 
and weight of seminal veiscles in hypophysectomized-
castrated rats. Comparisons between 13, 15, 13, and 13 
pairs of litter mates. respectively. The vertical lines 
indicate ± S.E.M . (F'rom Ebling et al., 19711 
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F'tG . 13: Effet:ts of dehydrnepiandrnsterone and an -
drosterone on be hum secret ion (lowest d iag-ram. left-hand 
columns). m ito~is in the sebaceous glands (righ t-hand 
columns). weight of preputial glands and weight of 
seminal vesicles in hypophyRectnmized castrated rats. 
Compa rison !\ between 19, 18. t:J. and 16 pairs of litter -
mates. respectively . The vertical line~ indicate ~ S.E.M. 
( F'rom Ebling et a!., 1971) 
F'tG . 14.: Possible pathways of androgen metabolism in 
rat skin . Shaded disks indicate compounds for which 
signifi cant effects on sebu m production in hypophysec-
tomized- castrated rats have been shown: open t:ircles 
indicate compounds which have been tested but failed, 
suggesting that they are inactive or that their activi ty is 
extremely low. (From Ebling et a l., 1973) 
be shown to be just significant. but the increment 
is less than a quarter of tha t produced in castrated 
rats. Full response can be restored with a growth 
hormone preparation and with prolactin . Moreover, 
greater responses. have been otained with other 
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Ftc. 15: Effects of 5a-androst.anedione and 5a-andro-
stane-3P, 17 P-diol on sebum secretion (lowest diagram, 
left-hand columns), mitosis in the sebaceous glands (right-hand columns), weight of preputial glands and 
weight of seminal vesicles in hypophysectomized-cas-
trated rats. Comparisons between 9, 9. 8. and i pairs of 
litter-males, respectively. The vertical lines indicate ~ 
S.E.M. (From Ebling et al., 197:1) 
androgenic steroids. In common with testosterone, 
5a-androstanedione, dehydroepiandrosterone, and 
androsterone gave insignificant responses. though 
they increased sebaceous mitoses. But 5a-dihy-
drotestosterone, androstenedione, and 5a-andro-
stane-3,8, 17 ,8-diol all produced significant increases 
in sebum production. 
Important questions are raised by these findings. 
Is it possible that several different androgens-for 
example, androstenedione and the 5a-andro· 
stanediols, as well as 5a-dihydrotestosterone-are 
active a t the tissue level? Doe:- the pituitary 
hormone mediate the covers ion of steroids in the 
target organ or does it act in some other way? 
Studies of the effect of hypophysec tomy and of 
pituitary hormones on steroid I ransformations in 
skin may throw some light on these questions. One 
hr after injection of testosterone-4- ''C into male 
rats aged 8-9 weeks and castrated two days before . 
only small proportions (2- 14 percent) of un-
changed testosterone could be recovered from ven-
tral prostate, seminal vesicles, preputial glands or 
skin.t Substantial proportions (2:3 ~5 percent) of 
5a-dihydrotestosterone and smaller amounts (3-10 
percent) of androstenedione were found. 
Our current results indicate that hypophysec-
tomy does not significantly affect steroid metabo-
lis m in the ventral prostate, seminal vesicles. or 
preputial glands. But 1 hr after the injection of 
testosterone-4- "C into two groups of 25 hypo· 
physectomized-castrated rats, the labelled metab-
olites recoverable from pooled skin samples con-
tained high proportions (74 and 4-t percent, respec-
tively) of unchanged testosterone. This evidence 
suggests that the pituitary hormone acts by in-
fluencing the conversion of testosterone in skin. 
but further substantiation is needed . 
The data concerning a comparison of various methods 
of sebaccuus activity measurement and Figures 7 and 9 
are published lor the tirst time. For their help in carrying 
out th is work, as well as for their collaboration over a long 
period. I am indebted to Mrs. Erika Ebling. Mr .• John 
Skinner, and Mrs. Virginia McCaffery. I wish to thank 
Mrs. Denise Watkins for the use of Figures :l and 4. I 
would also like to honor the memorv ol Mrb. Audrev 
White by acknowledging her contribution to the work. · 
Previously published fi j!'ures have been used with 
permission of the respective publishers. 
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